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Slice preparation and recording techniques
atory, transmission in the CA1 region of the hippocampus. J. Neurophysiol. 80: 3383-3386, 1998 . Brain-derived neurotrophic factor Hippocampal slices 500 mm thick were prepared from 2-to 8-(BDNF) has been reported to have rapid effects on synaptic transwk-old Sprague-Dawley rats as described (Wyllie et al. 1994 ). mission in the hippocampus. We report here that bath application After ú1 h recovery time, slices were transferred to a submersionof BDNF causes a small but significant decrease in stimulus-evoked type recording chamber perfused at room temperature with a soluinhibitory postsynaptic currents (IPSCs) on CA1 pyramidal cells, tion consisting of (in mM) 119 NaCl, 26.2 NaHCO 3 , 11 glucose, which is prevented by the tyrosine kinase inhibitor lavendustin A.
2.5 KCl, 2.5 CaCl 2 , 1.3 MgSO 4 , and 1.0 NaH 2 PO 4 , bubbled with BDNF causes a decrease in the 1/CV 2 of the IPSC, and also 95% O 2 -5% CO 2 . Patch electrodes (2-5 MV) were filled with a reduces paired-pulse depression of the IPSC, suggesting a presynsolution adjusted to pH 7.2, 270-290 mOsm containing (in mM) aptic site of action. In contrast, BDNF did not have a detectable 117.5 Cs gluconate, 10 tetraethylammonium chloride (TEACl), effect on field excitatory postsynaptic potentials measured in stra-10 N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid tum radiatum. We conclude that BDNF has a selective depressant (HEPES), 8 NaCl, 5 QX-314Cl, 4 MgATP, 2.5 CsCl, 0.3 Na 3 GTP, action on inhibitory transmission in the hippocampus, due at least and 0.2 ethylene glycol-bis(b-aminoethyl ether)-N,N,N,N-tetraacein part to a presynaptic mechanism. tic acid (EGTA). In all experiments on inhibitory synaptic currents, ionotropic glutamate receptors were blocked with 1 mM 3-(CR)-2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid (CPP) and 5 mM 6-
Brain-derived neurotrophic factor (BDNF) is a neuroStimulation and whole cell recording techniques were similar to trophin involved in numerous aspects of development in the those described in Wyllie et al. (1994) . Whole cell patch-clamp CNS. In addition to these presumably chronic actions of recordings from pyramidal cells were made by placing the electrode in stratum pyramidale and blindly advancing the pipette until BDNF, several recent reports have suggested that BDNF can the patch pipette resistance increased. Stimulus-evoked whole cell have relatively rapid effects on synaptic transmission in the currents and voltages were evoked every 20 s and were filtered at CA1 region of the hippocampus, causing an increase in excit-2 kHz and digitized at 5 kHz. Data were analyzed on-line using atory synaptic transmission (Kang and Schuman 1995, 1996;  in-house analysis software (D. Selig). Series resistances were gen- Kang et al. 1996 Kang et al. , 1997 ) and a decrease in inhibitory synaptic erally between 10 and 25 MV, and input resistances were 200-transmission (Tanaka et al. 1997) . However, the effects of 400 MV. Field excitatory postsynaptic potentials (EPSPs) were BDNF on excitatory synaptic transmission have been contro-measured in stratum radiatum, and initial slopes were measured versial with several groups reporting minimal or no effects from the first 1-2 ms beyond the fiber volley. (Figurov et al. 1996; Gottschalk et al. 1998; Patterson et al. 1996; Tanaka et al. 1997 ). This controversy may be related Data analysis at least in part to the fact that BDNF penetration into the hippocampal slice is limited (Kang et al. 1996; Patterson et All data are presented as means { SE. Data were compared al. 1996).
using the Student's t-test, and correlations were assessed using the Pearson Product Moment Correlation. Significance was assessed
We examine here the effects of BDNF on synaptic transat P õ 0.05. IPSC amplitudes were calculated by subtracting a mission in the CA1 region of the hippocampus. We find that baseline period preceding stimulation from a region of 5-10 ms BDNF causes a rapid, tyrosine kinase-dependent decrease during the peak of the IPSC. Paired-pulse amplitudes were obtained in the amplitude of stimulus-evoked inhibitory postsynaptic by subtracting the amplitude immediately before the second stimucurrents (IPSCs). This action is accompanied by a decrease lus from the peak amplitude of the second stimulus. 1/CV 2 was in the 1/CV 2 of IPSCs, and alters short-term plasticity. calculated without noise subtraction, because noise under these However, BDNF had no effect on excitatory synaptic trans-conditions contributes õ5% of the total variance. mission. We conclude that BDNF selectively decreases inhibitory transmission in the hippocampus, at least in part BDNF preparation and handling through a presynaptic mechanism.
BDNF was prepared in phosphate buffer stock solutions and
The costs of publication of this article were defrayed in part by the kept at 4ЊC. The perfusion system was made from chemically inert payment of page charges. The article must therefore be hereby marked materials (silicon tubing and a Teflon beaker). BDNF was applied ''advertisement'' in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
at a flow rate of 200-280 ml/h. BDNF was obtained from several IPSC (Fig. 1C1 ), although this effect was highly variable and in some cases could be as large as 50-60% (Fig. 1C2 ). This effect of BDNF was independent of the holding potential of the postsynaptic cell (data not shown).
To ensure that this small decrease in the IPSC was dependent on BDNF function, which is known to be mediated by tyrosine kinase activation, we compared the effects of BDNF application in the presence and absence of the broad-spectrum tyrosine kinase inhibitor lavendustin A (5 mM). As shown in Fig. 1C , preincubation with lavendustin A completely prevented the effect of BDNF application (P Å 0.002), confirming a requirement for tyrosine kinase activity.
The small size of the BDNF-induced reduction in IPSC size precludes a detailed analysis of its mechanism, but we briefly explored the locus of action of BDNF on inhibitory transmission in two ways. First, we examined the 1/CV 2 (mean 2 /variance) of the IPSC, which is correlated with the number of quanta per stimulus that contribute to the IPSC. We found that the 1/CV 2 significantly decreased upon BDNF application, and that moreover this decrease was sig-FIG . 1. Brain-derived neurotrophic factor (BDNF) causes a tyrosine kinase-dependent decrease in inhibitory postsynaptic current (IPSC) amplitude. A: averaged, stimulus-evoked IPSCs are compared before and after application of 4 nM BDNF. Holding potential for this cell was 0 mV. B: IPSC amplitude decreases rapidly after bath application of BDNF in a single experiment. C: effects of BDNF are blocked by the tyrosine kinase inhibitor lavendustin A. C1: on average, BDNF causes a significant decrease in IPSC amplitude in the absence (q, n Å 13) but not the presence (᭺, n Å 8) of lavendustin A. C2: results from individual experiments are shown for both groups in C1, measured 10 min after BDNF application. sources (Sigma, RBI, Alexis, Amgen) without obvious effects on results.
R E S U L T S
Stimulus-evoked IPSCs in CA1 pyramidal cells were recorded in the presence of the non-N-methyl-D-aspartate (NMDA) receptor antagonist NBQX and the NMDA receptor antagonist CPP. In agreement with the results of Tanaka et al. (1997) , bath application of 4-10 nM BDNF caused a small but significant decrease in the size of the stimulus evoked IPSC (n Å 13). A typical example is shown in Fig.   FIG . 2 . BDNF causes a reduction in the probability of release. A: BDNF 1A for averaged IPSCs. The kinetics of the IPSC were not causes a decrease in the 1/CV 2 which is correlated with the decrease in affected by BDNF, and BDNF application was not accompa-mean amplitude. Average (q) and individual (᭺) experiments are shown.
B: short-term plasticity is altered by BDNF. Paired stimuli 50 ms apart nied by changes in input resistance or holding current (not cause a depression of the 2nd response relative to the 1st. This depression shown). This effect had a rapid onset and did not show an is reduced by BNDF, as shown by scaling the 1st response in BDNF to obvious recovery, as shown in a representative experiment that in control conditions. C: an average of BDNF-induced changes in (Fig. 1B) and in an average of all 13 experiments (Fig. paired-pulse nificantly correlated with the magnitude of the depressant sion in the hippocampus, in general agreement with the results of Tanaka et al. (1997) . We further contribute the new action of BDNF ( Fig. 2A ; P Å 0.003) on peak amplitude. This result suggests that the decrease in IPSC amplitude is findings that this effect of BDNF is blocked by the tyrosine kinase inhibitor lavendustin A and is associated with a dedue to a decrease in the number of quanta contributing to the IPSC. To determine whether this decrease is due to a loss crease in the number of quanta contributing to the IPSC and changes in short-term plasticity of the synapse. These two of release sites or a reduction in the probability of release, we next examined the effects of BDNF on paired-pulse modula-findings are most readily compatible with a presynaptic locus for the effects of BDNF that we observe. tion in a subset of cells. The depressant effect of BDNF on the amplitude of the second of two IPSCs with an interstimuIn our hands, the effects of BDNF on synaptic transmislus interval of 50 ms was significantly less than that on the sion in the hippocampus are modest. The effect that we first (Fig. 2 , B and C; P Å 0.03), suggesting that BDNF observe on inhibitory transmission is considerably smaller reduces the probability of release.
than that seen by Tanaka et al. (1997) , and we observe The observation that BDNF has a significant effect on no consistent effect on excitatory transmission, contrary to IPSCs provides us with evidence that under our experimental several published reports (Kang and Schuman 1995, 1996;  conditions BDNF penetrates the hippocampal slice suffi- Kang et al. 1996 Kang et al. , 1997 but in agreement with results from ciently to affect synaptic transmission. We therefore next other labs (Figurov et al. 1996; Gottschalk et al. 1998 ; Patexamined the effects of BDNF on excitatory synaptic trans-terson et al. 1996; Tanaka et al. 1997) . The reason for this mission in stratum radiatum using field potential recordings, discrepancy is not clear, but the limited penetration of BDNF because results in this area have been controversial (see into the slice has been raised as a possible explanation (Kang INTRODUCTION ). We found no effect of BDNF on field et al. 1996) . Differences in a number of subtle experimental EPSPs in slices from young animals (n Å 7; not shown). variables might therefore conceivably contribute to the difTo replicate more closely the conditions used in those studies ferent results, although we have tried to replicate the rewhere BDNF has been reported to have an effect on excit-cording conditions of Kang and Schuman (1995) as exactly atory transmission, we repeated these experiments in slices as possible, using rapid (ú200 ml/h) perfusion, chemically from young adult rats (6-8 wk). We found an increase in inert perfusion equipment, similarly aged rats, and similar field EPSP slope of ú20% on BDNF application in only 1 concentrations of BDNF and durations of application. Moreof 11 experiments under these conditions; on average, BDNF over, we have varied recording depth in an attempt to record had no significant effect on excitatory transmission in our from synapses closer to the surface of the slice, without hands (Fig. 3) .
obvious effects on our results (not shown). Finally, the observation that BDNF causes a tyrosine kinase-dependent depression of IPSCs indicates that BDNF in our hands is D I S C U S S I O N active and does penetrate the slice at least to some extent. We are therefore left without an obvious explanation for the We have presented evidence for a small but rapid depressant effect of the neurotrophin BDNF on inhibitory transmis-different results between labs. here, but it is not clear whether lavendustin A inhibits the factor amplifies cyclic AMP production in the H4 neuronal cell line. J.
TrkB receptor directly or some other tyrosine kinase down- Neurochem. 64: 220-228, 1995. stream of Trk activation.
CONTRERAS, M. L. Nerve growth factor stimulates the production of inositol 1,3,4-and 1,3,5-trisphosphate and inositol 1,3,4,5-tetrakisphosphate in Our results suggest that BDNF has a presynaptic locus of PC12 cells. J. Neurochem. 61: 1035 Neurochem. 61: -1042 Neurochem. 61: , 1993 action at the interneuron-CA1 synapse. This is somewhat g-aminobutyric acid (GABA) (Tanaka et al. 1997 ). The 6830-6839, 1998. first of these observations is compatible with presynaptic JONES, K. R., FARIÑ AS, I., BACKUS, C., AND TrkB receptors thought to mediate BDNF's effects are found 1658-1662, 1995. in both pyramidal and nonpyramidal neurons in the hippo-KANG, H. AND SCHUMAN, E. A requirement for local protein synthesis in campus (Altar et al. 1994; Marty et al. 1996b This modulatory role of BDNF on inhibitory transmission KIM, H. G., WANG, T., OLAFSSON, P., AND LU, B. Neurotrophin 3 potentiates is of particular interest, because BDNF is known to alter neuronal activity and inhibits g-aminobutyratergic synaptic transmission in cortical neurons. Proc. Natl. Acad. Sci. USA 91: 12341-12345, 1994. interneuron phenotype (Jones et al. 1994; Marty et al. 1996b;  MARTY, S., BERNINGER, B., CARROLL, P., AND THOENEN, H. GABAergic Nawa et al. 1994) . Moreover, BDNF synthesis can be both stimulation regulates the phenotype of hippocampal interneurons through increased and decreased, depending on developmental stage, the regulation of brain-derived neurotrophic factor. Neuron 16: 565-570, by GABA A receptor activation (Marty et al. 1996a ). These 1996a.
results suggest a complex interaction between inhibition and MARTY, S., CARROLL, P., CELLERINO, A., CASTREN, E., STAIGER, V., THOENEN, H., AND LINDHOLM, D. Brain-derived neurotrophic factor pro-BDNF in the hippocampus. Finally, we note that another motes the differentiation of various hippocampal nonpyramidal neurons, neurotrophin, NT-3, has been reported to have a disinhibitory including Cajal-Retzius cells, in organotypic slice cultures. J. Neurosci.
